Abstract. The Hipparcos solutions flagged as unreliable after the completion of the standard data processing have been systematically revisited in the light of additional information, primarily related to their multiplicity. In many cases improved solutions have been obtained, yielding at the same time an Hipparcos based separation and position angle and a better astrometric solution for the system. The principles applied in this reprocessing are explained and more than a hundred new solutions with absolute and relative astrometry are presented and discussed.
Introduction
The processing of the Hipparcos observations culminated in June 1997 with the official publication of the astrometric solutions of nearly 118 000 stars included in the Hipparcos Catalogue (ESA 1997) . The average astrometric precision for the bulk of the Catalogue is about 1 mas in each of the five astrometric parameters: position, parallax and the two components of the proper motion. However, due to time constraints, it was known at the time of publication that the solutions for about one thousand stars were not fully satisfactory and for 263 entries no solutions at all were found acceptable from the data.
The raw data have been archived by each of the two consortia and intermediate data have been published with the other Hipparcos products. Relieved from the pressure of the publication schedule we have revisited the solutions not considered as final in the Hipparcos Catalogue, taking advantage of updated information regarding their multiplicity status. The criteria used to identify the doubtful Send offprint requests to: F. Mignard, mignard@obs-azur.fr Tables 1 to 7 are also available in electronic form at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsweb.u-strasbg.fr/Abstract.html Hipparcos solutions are given below in Sect. 3, but by itself this flagging was not a sufficient condition to start a new processing.
First, new information not used in the mass processing had to be available, otherwise there were no chances to get something really different. Secondly, as a result of the organisation of the file storage in the FAST consortium, there were only about 20 000 stars detected as non-single for which a new double star treatment was feasible. Thus all the stars re-examined for duplicity problems were in this set. The vast majority of the improved solutions belong to this category.
Unlike the results available in the Hipparcos Catalogue, the solutions presented in this paper do not follow from a cross-check between the two consortia and are entirely based on the software developed by teams of the FAST consortium and published under the sole scientific responsability of the authors.
The Hipparcos processing
Before proceeding with the new solutions it is worth recalling the various categories of astrometric solutions published in the Hipparcos Catalogue. The Hipparcos Catalogue is the primary result of the observations and reductions of the satellite data acquired over 37 months between November 1989 and March 1993. The Catalogue comprises 118 218 entries with median astrometric positions of the order of 1 milliarcsec and specific results (separation, magnitude difference) for double and multiple systems. For single stars the standard astrometric model yields the five astrometric parameters (position, parallax and the two components of the proper motion) together with their full covariance matrix.
Many catalogue entries were known to be, or found to be, components of a double or multiple system. The final astrometric solution for these complex entries, given either for the photocenter of the system or for the brighter component, is fully independent of the relative position of the two components. In cases of detected duplicity the observation model had to be extended to account for resolved systems or for systems exhibiting a significant motion on the sky over the mission. One major difficulty in the double star processing was the consequence of the large variety of categories of systems and the difficulty to solve simultaneously for the relative and absolute astrometry.
It was clear when the time came to publish the results that several hundred problem stars were left and their solution could not be given with the same level of reliability as for the bulk of the Catalogue. The main problems were primarily linked to the double and multiple star solutions and much more time would have been required to clear the remaining difficulties for a subset no larger than a thousand stars. The main sources of problems were: -Due to the presence of a periodic modulation grid, the relative position between the two components of a double system may be wrong by an integral number of grid periods, of about 1.2 arcsec. Should this happen, for particular elementary observations and provided it remained undetected, no reliable astrometric solution can be obtained in the subsequent processing. -The double star processing may provide numerous spurious solutions and in some instances the final choice was based on the fact that a solution was found in close agreement with the ground based configuration. If the latter was not correct, because of a misidentification or because of the relative motion since the measurement epoch, the error was propagated in the Hipparcos solution. -Finally the data processing by FAST and NDAC may have led to different solutions for the parameters of a binary and a choice was made at the end. Either one solution was retained or the entry was classified as suspect binary and processed as single. In such a case the final fit was usually of poor quality and published with a warning or with large standard errors.
The doubtful solutions
The observations reinvestigated during this work are limited to the Hipparcos entries for which a problem has been detected in the routine processing. This does not mean that all such solutions are spurious, in fact most of them are correct, but the proportion of unreliable solutions is larger in this group than in the rest of the Catalogue. The final statistics published in the Catalogue documentation (ESA 1997, Vol. 1) give an order of magnitude of the number of entries to be reinvestigated on a case by case basis. In addition the different categories help understand what kind of problem may be expected in the reprocessing and provide hints to orient the search for new information.
1. There were 263 entries with no astrometric solution published. Only 10 were not observed because of large errors in the Input Catalogue positions, while 253 solutions were finally rejected as inadequate. 2. The solutions with a time dependent proper motion (solutions flagged G in the Catalogue) refer probably to astrometric binaries with periods above about 10 years. There are 2622 such solutions. 3. The stochastic solutions (flagged X in the Catalogue) that is to say published solutions for which it was not possible to find an acceptable single or multiple star solution in reasonable agreement with the random error of the abscissas. While a significant fraction might be short period astrometric binaries, many others could be true double stars with inadequate relative astrometry.
In addition to these broad categories, there are two other indications that can be used to pinpoint questionable solutions:
1. Under field H29 one finds the percentage of data that has been rejected in order to converge to an acceptable fit. In general this number is below 10% and a larger value is an indication that the solution should be taken with care as a significant number of outliers has been discarded. 2. The field H30 attempts to quantify the quality of the final fit, when the outliers have been removed. Values larger than 3 or 4 indicate a bad fit to the data.
Sources of new data
Most of the new solutions given in the following sections were made possible because of the availability of several pieces of information that were not used during the data processing for lack of time, or simply because the information did not exist at that time or was overlooked. Essentially, the new data consists of updated values for the relative astrometry and/or photometry of double stars. As mentioned above the grid step error could be avoided if a good a priori separation and position angle could be secured to select the most likely solutions among the two or three possible. It is worth emphasising that for the vast majority of the double stars solved from the Hipparcos data, the processing was self-sufficient and did not need to rely on a good starting point. Only when the double star signal was too weak or the observation equations poorly conditioned was the starting value more crucial. This concerned only a small fraction of the Hipparcos double stars, but a large fraction of the subset reinvestigated in this paper.
Several sources were used to reprocess the Hipparcos observations of the selected doubtful solutions:
-The Tycho Catalogue includes components of wide binaries (ρ ≥ 3 arcsec) observed as two independent entries provides they are brighter than V = 10.5. From the individual astrometric solutions it was easy information not fully exploited during the automatic data processing essentially because of the complexity of sorting out the components of the multiple systems, a practical problem which did not fit easily within a mass processing with stringent time constraints. -Finally recent CCD observations of visual double stars yielded updated or new astrometric parameters for several systems (Cuypers et al. 1998; Lampens et al. 1998; Oblak 1998) .
The solutions
The new solutions are presented in Tables 1-7 with a layout close to that of the Hipparcos Catalogue for the relevant columns. For each Hipparcos entry there are one line (Table 1) or two lines (all the other tables). In the latter Table 1 . The column headers are self-explanatory and the Hipparcos field is indicated in the last row of the header, so that the detail explanation can be found in the Introduction to the Hipparcos and Tycho Catalogues. The column labelled Sce indicates the source of the new information that has been found and which motivated the reprocessing. It has the following meaning:
-TYC: The Tycho positions of each component of a double were used to derive the relative parameters. For single stars the astrometric solution allowed to correct the remaining grid-step errors in the approximate position. -SS1 -SS2: A double star has been identified in the STScI Digitized Sky Survey (SS1: first epoch, SS2: second epoch) and approximate ρ and θ were determined directly on the image as shown in Figs. 1-2. -CUY, LAM, OBL: Recent CCD observations of wide binaries have been provided by Cuypers et al. (1998) , Lampens et al. (1998) and Oblak (1998) . These data were very useful to get rid of the remaining grid-step errors in the relative astrometry of these systems. -HIC: The Hipparcos Input Catalogue was the source for an updated separation. The information was previously available, but not comprehensively used during the mass processing.
The column F1 gives the percentage of rejected observations while F2 is the goodness-of-fit of the astrometric solution to the accepted observations. For a Gaussian 
Stars with no Hipparcos solutions
Among the 263 entries with no astrometric solution, a certain number already appear in the Catalogue notes with a solution derived after the Catalogue was finalized with absolute and/or relative parameters different from those appearing in the standard layout. These entries have not been re-examined and consequently are not included in the accompagnying table. The 13 genuine new solutions from this subset are given in Table 1 . Most were recognized as overlooked double stars, or known double stars with unsatisfactory relative solutions such that the astrometric parameters could not be derived.
Specific comments
• HIP 1338: While the Tycho Catalogue was the basic source for the relative astrometry, a similar separation was found in the Digitized Sky Survey and in recent ground based observations. The Hipparcos solution given here can be considered as reliable. The residuals remain fairly large which can be attributed to the photometric variability detected from the Hipparcos data. The astrometric parameters are found to agree with the Tycho solution, but both the parallax and proper motions are more accurate.
• HIP 18045: The SS2 has been used to search for a star close to the position given in the Hipparcos Input Catalogue. The Hipparcos target was about 20 arcsec from the actual star and consequently the signal recorded was weak and highly variable according to the detector pointing and too far away from the true value to allow a convergence of the software. However the SS2 position was good enough as starting values and the iteration converged to an acceptable solution. A note in the Hipparcos Catalogue indicates that TYC 6451-1246-1 (α = 57.854 289, δ = −25.929 220) could be the corresponding star. In fact this is very likely a spurious solution (nothing seen in the SS2 there) while TYC 6451-122-1 is within 20 mas of our solution and with comparable magnitude (allowing for the attenuation effect due to the pointing offset). The new solution provides a reliable parallax and proper motion with standard errors of about 3 mas.
• HIP 27464: This is probably an optical pair (different proper motions in the Tycho solutions). The solution agrees with TYC 4098-5-1.
• HIP 31132: The observation target was 7 arcsec from the star and the proper motion in right ascension and declination were so far from the true values that no convergence was possible. A dedicated setting in the software overcame this problem and yielded a good solution in terms of standard errors but with a questionable goodness-of-fit.
• HIP 34226: A binary with components of similar brightness which accounts for the very large standard errors. The two components appear as TYC 1899-1444-1 and 1899-1444-2, but the Hipparcos solution lies somewhere in between. With a separation less than 2 arcsec the two components were hardly discernible with the Tycho detection system. • HIP 81402: The initial separation and position angle were taken from the Input Catalogue and confirmed by Tycho. The Hipparcos solution for the relative astrometry is excellent. However the large standard errors in the astrometric parameters are a consequence of the very small magnitude difference between the two components.
• HIP 81694: Orbital double star not resolved as double by Tycho. The target was at 18 arcsec from the actual star position and is responsible for the instability of the signal and the large standard errors. • HIP 86405: No new input data were used but the case by case processing allows a better control of the outliers and more observation were a priori rejected. Table 2 corresponds to solutions of double stars published in the Hipparcos Catalogue and in the Double and Multiple Systems Annexe C. In all of these cases we have found that the relative astrometry of the double was wrong by one or several grid-steps or, in two cases, that a single star solution fitted the data much more satisfactorily. Thanks to new ground based observations or again from the two Digitized Sky Surveys it was possible to determine a more reliable separation and position angle and to solve the grid-step ambiguity unresolved by Hipparcos. The improvement in the final astrometric solution shows up clearly in the number of rejected observations, the quality of the goodness-of-fit and/or the standard error. The solutions refer to the primary components of the double systems. In general the astrometric solutions are not very different from that of the Catalogue, primarily because the double stars involved generated a weak deviation from the single star signal and the absolute astrometry was not too sensitive to an error in the separation of the two components. However the multiplicity data given here supersede the Hipparcos values.
Stars with new component solutions

Specific comments
• HIP 8035: The relative astrometry of the Hipparcos Catalogue is proved wrong by subsequent ground based observations. Using this constraint the standard error of the separation concluded from the Hipparcos data is greatly improved. The new astrometric solution fits the data more closely. • HIP 13725: The FAST solution retained for the final publication was subsequently considered as very doubtful. In addition no companion was seen on SS1 or SS2 with separation larger than 5 arcsec. While this do not preclude this star to be a close binary, we think that in this case the magnitude difference should be larger than 4, with a negligible influence on the Hipparcos signal. A single star solution is then preferable and yields an excellent fit.
• HIP 38479: The recent ground based observation shows clearly that the Hipparcos position of the secondary is wrong by exactly one grid-step. The final fit is obtained with no observation rejected, although the goodness-of-fit is not as good.
• HIP 44488: The recent ground based separation (12 arcsec) is definitely incompatible with the SS1 image taken 40 years ago with ρ = 19 arcsec. The new Hipparcos solution is however excellent and leaves no room for a different separation. One may hypothesize that the system is in fact an optical binary comprising a distant star and a faint and nearby fast moving star. Additional observations, old or new, should help resolve the problem.
• HIP 69736: The Input Catalogue gives this system a separation of 4. 2 and a magnitude difference ∆m = 4. From the Digitized Sky Survey a much larger separation should be adopted, which eventually leads to a better astrometric solution. The system is actually triple, and the largest separation corresponds to the two brightest components.
• HIP 71867: There is no double possible with that separation in the image of the Digitized Sky Survey. The single star solution is excellent and left no room for improvement with a double star model.
• HIP 76435: Triple system from the Tycho Catalogue. The separation used here is for the detached components which yields a better fit to the Hipparcos data.
• HIP 79902: The Hipparcos relative astrometry with ρ = 16 arcsec is not seen in the Digitized Sky Survey. On the other hand the solution using the Input Catalogue value of 3. 3 or the new ground based observation leads to a much better fit.
The acceleration solutions
We have re-examined systems which were solved in the Hipparcos standard solution with the extended single star model, allowing for a time dependent proper motion. Most of the acceleration solutions published in the Hipparcos Catalogue (2622 in total) are of good quality and were not reconsidered in this work. As for the other groups we focussed only on the questionable solutions. It happens that among those classified as doubtful (360 with a goodness-of-fit larger than three), very few appear in our data base of detected or suspected binaries, which means that no new processing could be attempted. Finally quite often the separation we found from the FAST data was too small and could not be confirmed or rejected from the Digitized Sky Survey. These facts account for the very small yielding in this group, since only four new solutions are proposed, all based on actual detection of a companion in images of the Digitized Sky Survey. The subsequent Hipparcos solutions for the separations given here have fairly good standard errors and the final astrometric fits are all of good quality. Given the separations and the distance it is unlikely that the acceleration proposed in the Hipparcos Catalogue should be real, unless the primary is also a close astrometric binary.
• HIP 23266: The new solution has a much better fit to the data than the published solution, but with larger standard errors due to the error propagation from the double star model. The difference between the old and new proper motion is much larger than the expected statistical error, although the double star signal is very weak with ∆m = 3.5. However the acceleration components in the published solution are large (respectively 40 and −9 mas/yr 2 ) and not fully independent of the first order term.
The suspected doubles and multiples
This group comprises a set of solutions for entries detected as non single from the Hipparcos data and for which no definitive solution for the separation, position angle and magnitude difference was possible without ambiguity at the time of the Catalogue publication. In general, for this specific group of stars, NDAC and FAST concluded their processing with two very different solutions with no external way to decide if at least one was correct. The abscissa were eventually processed as for single stars, leaving a non negligible scatter in the residuals due to the imperfection of the model.
The new solutions are given in Table 4 (HIP < 60 000) and Table 5 (HIP > 60 000). There are no Hipparcos data in the multiplicity columns and the second line of each entry gives the relative astrometry derived from the Hipparcos observations and using the approximate ρ and θ provided by the quoted source. The change in the goodness of fit is the best indication of the improvement in the solutions and at the same time confirms to some extent the relative astrometry and photometry. When the double star has magnitude difference less than 1.5 the change is spectacular.
Due to the error propagation in the double star model, the standard error of the astrometric parameters are usually larger than with the single star model although the goodness-of-fit is much improved by allowing for the duplicity.
• HIP21000: This is the most striking case of this group with a distance twenty times larger and a much smaller proper motion in the new solution. This star appears as a double system in the Input Catalogue with ρ = 4. 4. It was processed with the single star model in Hipparcos because FAST and NDAC could not agree on the relative astrometry of the system. With the confirmed separation it is clear that the double star model is better, even though the standard errors are larger because of the small magnitude difference. All the 15 observations were used with no rejection.
The stochastic solutions
This is the largest single group of doubtful solutions in the Hipparcos Catologue and is in fact a mixture of various categories. All the new solutions presented in Table 6 (HIP < 60 000) and Table 7 (HIP > 60 000) follow from the discovery of updated multiplicity parameters which proved sufficient to reprocess the double star data. Without exception the final goodness-of-fit statistics are all acceptable (the Hipparcos values for F2 were conventionally set to zero in the Catalogue). The main interest of these new solutions lies in the derivation of accurate parameters for the relative astrometry of the double systems and the more reliable parallaxes that are subsequently obtained.
Conclusion
This work undertaken directly in the wake of the Hipparcos Catalogue publication is probably not the ultimate, although we have gone through the Hipparcos data bases in a very systematic way. We think that we have done outside the rigourous time constraint of the project what could be achieved without departing too much from the standard models used in the mass processing.
However it remains a significant number of well observed targets with poor solutions, or no solution at all, for which no satisfactory explanation has been given so far. It is very likely that they belong to three main sources: (i) the target pointed is at more that 20 arcsec from an actual star, and in this case there is virtually no hope to retrieve any valuable science information; (ii) the star observed is in fact a double system with an orbital period between 1 and 10 years and a full solution cannot be obtained without additional input data and extensive software development, for example to split the observation period in two or three sub-intervals; (iii) the target is a multiple system with weak hierachy, involving at the same time a very complex model and too many unknown parameters for a reliable solution to be concluded from the Hipparcos observations alone. The publication of the intermediate data and that of the calibrated signal parameters provided on the Catalogue CD-ROMs is the basic material from which any new investigation should start to solve these very troublesome cases.
Finally after the examination of nearly a thousand systems, we are still left with more than two hundreds suspected non single stars, now confirmed at least double in the images of the Digitized Sky Survey, but which did not yield an acceptable solution with the Hipparcos raw data. As most of these stars are new binaries, this list is of interest for double star observers and it will be put into a convenient format and posted on the Hipparcos website.
